Abstract Medial elbow injuries lead to significant performance decrement in baseball.
Introduction
In Japan, baseball is a popular sport played by many children from a young age. Baseball is a sport involving overhead throwing, a motion repeated frequently by players from the time they are of school age. Numerous studies have shown that repetitive throwing alters mechanical physiology, particularly affecting range of motion (ROM) of upper extremities. It is widely known that shoulder external rotation (ER) ROM tends to increase, while shoulder internal rotation (IR) ROM tends to decrease on the throwing side compared to the non-throwing side in adult baseball players [1] [2] [3] . In particular, shoulder IR ROM deficit was found to be a risk factor for medial elbow injuries 4, 5) . In addition, Brown et al. 6) reported that ROM of elbow extension, flexion, and forearm supination decreased on the throwing side compared to the non-throwing side in professional baseball pitchers. Furthermore, not only are the upper extremities involved, but also the trunk and lower extremities play a role in throwing motion. Namely, efficient throwing motion consists of transferring energy generated by the lower extremities to the trunk and upper extremities via the kinetic chain 7) . Optimal rotation of the hips, pelvis, and trunk is crucial to providing effective transfer of energy to ball release 8) . If this rotation is inefficient, the medial elbow is likely to be injured due to an increase in mechanical stress on the elbow 9) . Saito et al. 10) reported that hip IR ROM in adolescent baseball players with elbow pain was decreased in comparison to that without elbow pain. Among studies of muscle strength, Donatelli et al. 11) reported that shoulder ER strength and shoulder ER strength-to-IR strength (ER-to-IR) ratio on the throwing side were lower compared to the nonthrowing side, while strength of shoulder IR and lower *Correspondence: morifujit@kawasakigakuen.ac.jp trapezius (LT) on the throwing side were stronger than those on the non-throwing side of professional baseball players, suggesting that the repeated throwing motion affects strength of rotator cuff and scapular muscles. Furthermore, regarding the relationship between throwing injuries and muscle strength in adult baseball players, Byram et al. 12) reported that decreases in supraspinatus muscle strength (SS), shoulder ER strength, and ER-to-IR ratio on the throwing side correlated with throwing injuries that require surgical intervention. Regarding joint laxity, Sasaki et al. 13 ) reported a widening of medial elbow joint space on the throwing side, causing medial elbow laxity accompanied by medial collateral ligament injuries in college baseball players.
In young baseball players, several studies have shown that shoulder ER ROM was increased and shoulder IR ROM was decreased on the throwing side compared to the non-throwing side, as similarly seen in adult baseball players [14] [15] [16] . In addition, decreased ROM of shoulder IR 17) and elbow extension 18) were found to be physical risk factors for medial elbow injuries in young baseball players. However, the relationship between other factors and medial elbow injuries in young baseball players has not been reported much.
Many of medial elbow injuries in young baseball players are relieved with a short pause in throwing, but some of them suffer performance decrement due to sustained pain and, as a result, they often quit the sport 19) . Therefore, it is very important to prevent medial elbow injuries in young baseball players. Clarifying the mechanical physiological changes of young baseball players with medial elbow injuries may help prevent their injuries by working to oppose those changes. Thus, the purpose of this study was to investigate mechanical physiological changes in young baseball players with medial elbow injuries. Accordingly, we compared (1) the passive ROM of the shoulder rotation, elbow flexion/extension, forearm supination/pronation, trunk rotation, and hip rotation (2) the muscle strength of the scapula and shoulder rotator cuff (3) medial elbow laxity between the throwing and non-throwing side in young baseball players with medial elbow injuries.
Materials and methods

Subjects.
The subjects were 17 elementary and junior high school baseball players who were diagnosed as having a medial elbow injury at an orthopedic clinic and agreed to participate in this study from August 2014 to July 2015. Participants were excluded from this study if they (1) had pain at the time of all measurements; or (2) had severe injury, requiring surgery. The subjects' characteristics and positions are shown in Tables 1 and 2 , respectively.
To prevent medial elbow injuries in young baseball players, knowledge about their mechanical physiology is needed. Side-to-side differences in mechanical physiology in young baseball players have been verified in the absence of medial elbow injuries, but not sufficiently verified in their presence. Therefore, we believe that this study has significance, although the number of samples was small. This study was approved by the institutional review 
ROM Measurements.
Bilateral passive ROM of the shoulder ER/IR, elbow flexion/extension, forearm supination/pronation, trunk rotation, and hip ER/IR were measured using a standard goniometer. The validity and reliability of passive ROM measurements using a goniometer have been well established when performed by the same tester [20] [21] [22] [23] . All ROM measurements were measured according to the "method of measuring and recording joint motion" of the Japanese Orthopaedic Association (JOA) and the Japanese Association of Rehabilitation Medicine (JARM) 24) . Two physical therapists performed bilateral passive ROM measurements. One provided stabilization to maintain the maximum ROM; the other performed all the ROM measurements. The ROM of the shoulder ER and IR were measured with the subject positioned supine in bed, with the shoulder at 90° abduction, the elbow in 90° flexion, and the forearm in neutral rotation. The ROM of shoulder IR was measured by stabilizing the scapula to measure the ROM of the glenohumeral IR. The ROM of elbow flexion and extension were measured with the subject positioned supine in bed, with the forearm in 90° supination. The ROM of the forearm supination and pronation were measured with the subject positioned supine in bed with the elbow in 90° of flexion. The ROM of the trunk rotation was measured with the subject sitting in bed. The ROM of the hip ER and IR were measured with the subject positioned supine in bed with the hip and knee in 90° of flexion.
Muscle Strength Measurements. Bilateral strength of the middle trapezius muscle (MT), LT, SS, and strength of muscle ER/IR were measured using a handheld dynamometer (Mobie, Sakai Medical Co., Ltd, Tokyo, Japan). The validity and reliability of handheld dynamometer measurements in upper extremities have been well documented 11, 25, 26) . One experienced tester, a physical therapist, performed all the strength measurements. The subjects were instructed to exert their maximum strength for 3 seconds. The strength measurements of the LT, ER, and IR were performed according to the method of Donatelli et al. 11) . The strength of the LT was measured by placing the handheld dynamometer on the styloid process of the radius, with the subject positioned prone in bed with the shoulder at 145° abduction and the thumb upward. The strength of the ER and IR were measured by placing the handheld dynamometer on the distal forearm (the ulnar styloid process), with the subject positioned supine in bed with the shoulder at 90° abduction and the elbow in 90° flexion. The strength of the MT was measured according to Daniels and Worthingham's Muscle Testing 27) . The strength of the MT was measured by placing the handheld dynamometer on the distal humerus, with the subject positioned prone in bed with the shoulder at 90° abduction and the elbow in 90° flexion. The strength measurement of the SS was performed by modifying "full can test" 28, 29) . It is known that SS acts as a dominant initiator of shoulder abduction 30, 31) . Therefore, in our study, the strength of the SS was measured by placing the handheld dynamometer on the styloid process of the radius with the subject standing with the shoulder at 30° abduction and 30° anterior to the frontal plane (scaption), and thumb upward. All strength measurements were performed twice, and the stronger value was used. When the difference in measurements was >10%, the strength measurements were performed again, and the stronger value between the two closest values was used. In addition, we measured the distance from the joint axis of each strength measurement to the site where we positioned the handheld dynamometer by using a tape measure. We then used the products of these distances and the values obtained by the handheld dynamometer as the strength in our study.
Ultrasonographic Measurements. Medial elbow joint space was measured to evaluate laxity of the medial elbow joint by using an ultrasonographic machine with a 10-MHz linear transducer (LOGIQ e Expert, GE Healthcare, Tokyo, Japan). The validity and reliability of medial elbow joint space measurements are shown in the literature 13, 32) . The medial elbow joint space measurements were performed with reference to Sasaki et al. 13) . Namely, the medial elbow joint space was measured with the subject positioned supine in bed, with the shoulder at 90° abduction, the elbow in 90° flexion, and the forearm in neutral rotation. By refraining from placing the elbow joint and forearm on the bed, gravity stress was applied to the medial aspect of the elbow joint. The probe was placed on the medial aspect of the elbow, and the medial elbow joint space was scanned and measured from the distal-medial corner of the trochlea to the proximal edge of the medial tubercular portion of the coronoid process.
Statistical Analyses. All the statistical analyses were performed using SPSS Statistics 22.0 (IBM Corp., Armonk, NY, USA). Side-to-side differences were compared using the Student t test. The significance level for all tests was set at p < 0.05.
Results
ROM Measurements.
The results of the ROM measurements are shown in Table 3 . The ROM of the shoulder ER/IR, elbow flexion/extension, forearm pronation, and hip IR on the throwing side were significantly decreased compared to the non-throwing side. In addition, the trunk rotation toward the direction of the throwing side was significantly decreased compared to that of the non-throwing side. However, no statistically significant differences in the ROM of the forearm supination and hip ER were ob- I n t e r n a l r o t a t i o n 2 9 . 5 ± 9 . 6 3 5 . 1 ± 9 . 1 -5 . 6 -9 . 6 ~ -1 . 5 0 . 0 1 0 * Values are presented as the mean ± standard deviation. CI: confidence interval. *: Side-to-side difference is significant (p < 0.05).
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C h a n g e 9 5 % C I p v a l u e Values are presented as the mean ± standard deviation. CI: confidence interval. *: Side-to-side difference is significant (p < 0.05).
S h o u l d e r e x t e r n a l r o t a t o r s s t r e n g t h -t o -i n t e r n a l r o t a t o r s s t r e n g t h r a t i o
M e a s u r e m e n t D o m i n a n t N o n d o m i n a n t C h a n g e Table 4 . The strength of the LT and IR on the throwing side were significantly greater than that of the non-throwing side. On the other hand, the strength of the ER and ER-to-IR ratio were significantly less on the throwing side. However, no statistically significant differences in the strength of the MT and SS were observed between the throwing and nonthrowing side.
Ultrasonographic Measurements. The results of the ultrasonographic examination are shown in Table 5 . The medial elbow joint space of the throwing side was significantly wider than that of the non-throwing side.
Discussion
The results of our study indicated that young baseball players with medial elbow injuries demonstrated many side-to-side differences in mechanical physiology. The most interesting finding of our study is that the shoulder ER ROM on the throwing side was decreased in comparison to that on the non-throwing side. Our study had no control group. However, many previous studies indicated that shoulder ER ROM is increased on the throwing side in comparison with the non-throwing side in young [14] [15] [16] and adult [1] [2] [3] baseball players. Therefore, the shoulder ER ROM deficit on the throwing side in our study might be a specific symptom in young baseball players with medial elbow injuries. In addition, Harada et al. 16) reported that the shoulder ER ROM of young baseball players with elbow injuries, not limited to the medial elbow, was smaller than that of those without elbow injuries. Our study was a cross-sectional study, so the causal relationship between the shoulder ER ROM deficit on the throwing side and medial elbow injuries has not been elucidated. Thus, we suggest that a relationship exists between the shoulder ER ROM deficit side and medial elbow injuries in young baseball players. In addition, the alleviation of mechanical stress on the medial elbow while throwing is related to the maximum ER occurring during the late cocking phase (pitching phase two) 33) . Shoulder ER ROM deficit possibly could not induce a large ER during the late cocking phase, leading to mechanical stress on the medial elbow. Thus, the shoulder ER ROM deficit on the throwing side could be a possible risk factor of medial elbow injuries in young baseball players.
In agreement with several previous studies in young [14] [15] [16] and adult [1] [2] [3] baseball players, our study showed that the shoulder IR ROM on the throwing side was decreased in comparison with that on the non-throwing side in young baseball players with medial elbow injuries. Dines et al. 4) reported that adolescent pitchers with side-to-side differences in shoulder IR ROM of >13° had 6 times greater risk of throwing injuries. Shanley et al. 5) reported that a shoulder IR ROM deficit on the throwing side was 15.8° greater in players with ulnar collateral ligament insufficiency than in those who were asymptomatic. The side-toside difference in shoulder IR ROM in our study was 7.8°, which was not excessive as shown in previous studies. Therefore, we conclude that the shoulder IR ROM deficit in our study is a change that appears in baseball players in general. However, a notable change in shoulder IR ROM provokes medial elbow injuries 4, 5) . Muscular tightness 3, 34) , posterior capsular tightness 35, 36) , and scapular position 37) induced by repetitive throwing are all involved in shoulder IR ROM deficits. Therefore, prevention of shoulder IR ROM deficit from school age is important for baseball players.
Our study demonstrated that elbow flexion, extension, and forearm pronation ROM on the throwing side were decreased in comparison with those on the non-throwing side. Side-to-side differences in these ROM in baseball players have not been sufficiently verified in previous studies. Therefore, whether these deficits in our study are changes due to baseball players in general or to injuries is difficult to determine. A heavy load is generated on the elbow and forearm muscles in throwing. Nissen et al. 38) reported that very fast elbow extension (a peak velocity of 1782 ± 245°/s) and forearm pronation movements (peak velocity of 2051 ± 646°/s 1 ) occurred in the acceleration phase of the pitching motion of the adolescent pitchers. Therefore, agonists and antagonists that act as braking muscles on these joint movements will be fatigued and might cause shortening, respectively. In addition, Sakata et al. 18) reported that an elbow extension ROM deficit of > 5° is a risk factor of medial elbow injury. The side-toside difference in elbow extension ROM in our study was 3.4°, which was not excessive as shown in a previous study. Therefore, the ROM deficits in our study could be changes in general baseball players resulting from accumulation of fatigue.
In our study, the trunk rotation toward the direction of the non-throwing side was increased in comparison to that of the throwing side. In addition, the ROM of the hip IR on the non-throwing side was increased in comparison to that on the throwing side. To achieve efficient throwing motion, baseball players repeat trunk rotation toward the non-pitching side and hip IR on the non-pitching side 8) . The repetitions of these motions may increase the trunk rotation ROM toward the non-throwing side and hip IR ROM on the non-throwing side. Therefore, these ROM changes may apply to baseball players in general.
In our study of younger players with medial elbow injuries, the strength of the LT and shoulder IR on the throwing side were greater than those of the non-throwing side, while the strength of the shoulder ER was weaker and the ER-to-IR ratio was lower on the throwing side. Donatelli et al. 11) reported decreased strength of the shoulder ER and increased strength of the LT and shoulder IR on the potential bias from the results of our study.
Conclusions
Our results showed that young baseball players with medial elbow injuries possess many side-to-side differences in mechanical physiology. The most important finding of our study is that the shoulder ER ROM on the throwing side, known to increase in young and adult baseball players, was decreased compared to that of the non-throwing side. Our study suggests that it is necessary to perform stretching and muscle strength training to mitigate several side-to-side differences.
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throwing side of professional baseball players in comparison to the non-throwing side. Therefore, these changes may not be characteristics of young baseball players with medial elbow injuries, but rather of baseball players in general. Despite having a smaller physique than adult baseball players, strength imbalance of the shoulder rotator cuff muscle is apparent in young baseball players. Byram et al. 12) reported that a decrease in the strength of the shoulder ER and ER-to-IR ratio on the throwing side increased the risk of throwing injury. Thus, our study suggests that young baseball players who spend less time practicing the sport also need training of shoulder rotator cuff muscles.
Our study showed a slight increase in medial elbow laxity on the throwing side in comparison to the nonthrowing side in young baseball players with medial elbow injuries. To the best of our knowledge, no comparison was made between baseball players with and those without elbow injury in previous studies. However, Ellenbecker et al. 39) reported that medial elbow laxity on the throwing side was increased in comparison with that of the non-throwing side in professional baseball pitchers. In addition, Sasaki et al. 13) reported that medial elbow laxity on the throwing side in college baseball players was increased in comparison with that in non-players. Therefore, medial elbow laxity on the throwing side in our study might be a characteristic of baseball players in general. When throwing, the ulnar collateral ligament is subjected to pulling stress 40, 41) , and this is believed to cause medial elbow laxity. The syndrome known as "little league elbow" (LLE) presents with avulsion, separation, and epiphysiolysis of the medial epicondyle. However, our study suggests that young baseball players may experience slight injuries of the ulnar collateral ligament as well.
Our study has several limitations. First, it showed that young baseball players with medial elbow injuries undergo several mechanical physiological changes; however, the causal relationship between these changes and the injury has not been elucidated. Therefore, it is preferable to follow up on whether young baseball players having these changes will develop medial elbow injuries. Second, the results of our study were not compared to those of baseball players of the same generation without medial elbow injuries (i.e., there was no control group available for comparison). Therefore, it is difficult to specify whether our results apply only to young baseball players with medial elbow injuries or young baseball players in general. In the future, a case-control study needs to be conducted. Third, since there were few subjects in our study, further research is required to generalize the results of this study. Fourth, for the measurements of ROM, muscle strength, and ultrasonography in this study, the results measured by only one evaluator were adopted. However, it is recommended to average the results measured by different evaluators. Accordingly, it would be difficult to exclude
